Effects of three polycyclic aromatic hydrocarbons:benzo(a)pyrene, pyrene and phenanthrene on embryo development of Sebastiscus marmoratus by 何承勇
学校编码：  10384                    分类号     密级        













Effects of three polycyclic aromatic hydrocarbons: 
benzo(a)pyrene, pyrene and phenanthrene on embryo 





指导教师姓名： 王 重 刚 教授 
专  业 名 称： 动  物  学 
论文提交日期： 2012 年 10 月 
论文答辩时间： 2012 年 10 月 
学位授予日期： 
  
答辩委员会主席：        






























究       
何
承













































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 


























目  录 
I 
目  录 




第一章  前言······························································································ 1 
1.1 多环芳烃污染及研究现状 ···············································································1 
1.1.1 多环芳烃的理化特性············································································· 1 
1.1.2 多环芳烃的污染现状············································································· 1 
1.1.3 多环芳烃在海洋中的污染现状 ····························································· 2 
1.2 多环芳烃的毒性效应 ·······················································································3 
1.2.1急性毒性 ································································································· 3 
1.2.2 致癌性、致畸性和致突变性 ································································· 3 
1.2.3 免疫毒性 ································································································ 4 
1.2.4 发育毒性 ································································································ 4 
1.2.5 光毒性 ···································································································· 5 
1.3 多环芳烃的发育毒性的研究进展 ···································································5 
1.3.1 多环芳烃的骨骼发育毒性 ····································································· 5 
1.3.2 多环芳烃的神经发育毒性 ····································································· 6 
1.3.3 多环芳烃对器官形成的毒性 ································································· 7 
1.4 鱼类胚胎发育的过程和调控机制 ···································································7 
1.4.1 鱼类骨骼发育的过程及调控 ································································· 7 
1.4.2 鱼类神经发育的调控············································································12 
1.4.3 甲状腺发育的调控················································································15 













目  录 
II 
1.5.1  污染物对骨骼发育影响的研究 ··························································16 
1.5.2 污染物对神经发育影响的研究 ····························································17 
1.5.3  污染物对鱼类甲状腺发育的影响 ······················································18 
1.6 研究的对象、目的和意义 ·············································································18 
第二章  材料与方法 ···············································································19 
2.1 主要仪器 ·········································································································19 
2.2 主要试剂 ·········································································································20 
2. 3 主要试剂配制·································································································20 
2.4 实验动物及其暴露实验 ·················································································21 
2.5 生理生化与分子生物学分析 ·········································································22 
2.5.1 死亡率和畸形率统计············································································22 
2.5.2 Alcian-blue软骨染色 ·············································································22 
2.5.3 样品匀浆提蛋白及蛋白浓度测定 ························································22 
2.5.4 基因克隆 ·······························································································22 
2.5.5 原位杂交 ·······························································································25 
2.5.6 实时荧光定量 PCR（Realtime-PCR，RT-PCR）分析························28 
2.5.7 碱性磷酸酶的测定················································································31 
2.5.8 总 NOS、iNOS 和 NO的测定 ····························································31 
2.5.9 AChE、ChAT和 ACh的测定 ·······························································31 
2.5.10 EROD和 GST的测定 ·········································································31 
2.5.11 Caspase-3活性测定 ·············································································32 
2.5.12 甲状腺激素测定方法··········································································32 
2.6 数据处理 ·········································································································32 
第三章  结果分析 ···················································································33 
3.1苯并芘暴露对褐菖鮋胚胎发育影响 ······························································33 
3.1.1 BaP对各生理生化指标的影响 ·····························································33 
3.1.2 BaP对胚胎骨骼发育的影响及机制······················································38 
3.1.3 BaP对神经发育的影响 ·········································································43 













目  录 
III 
3.2.1 Pyr暴露对各生理生化指标的影响·······················································49 
3.2.2 Pyr对骨骼发育的影响及机制 ······························································54 
3.2.3 Pyr对神经发育的影响 ··········································································57 
3.2.4 Pyr对甲状腺发育的影响 ······································································61 
3.3菲暴露对褐菖鮋胚胎发育影响 ······································································65 
3.3.1 Phe对各生理生化指标的影响 ······························································65 
3.3.2 Phe对骨骼发育的影响··········································································70 
第四章  讨论····························································································74 
4.1 三种 PAHS暴露褐菖鲉胚胎对各生理生化指标的影响 ·····························74 
4.2 三种 PAHS对褐菖鮋胚胎的骨骼发育毒性 ·················································76 
4.2.1 三种 PAHs都会导致骨骼发育畸形及其差异 ·····································76 
4.2.2  BaP影响骨骼发育的信号途径 ··························································78 
4.3 PAHS对褐菖鮋胚胎的神经发育毒性 ···························································79 
4.3.1 BaP对神经发育的影响 ·········································································79 
4.3.2 Pyr对神经发育的影响 ··········································································80 
4.3.3 Pyr与 BaP神经毒性及其机制的比较 ··················································81 
4.4 芘对褐菖鮋胚胎的甲状腺发育毒性 ·····························································82 





































Abstract (In Chinese) ···············································································I 
Abstract (In English) ············································································· IX 
Chapter 1 Introduction ············································································· 1 
1.1 The study of PAHs polltion ············································································1 
1.1.1 The characters of PAHs ·········································································1 
1.1.2 The pollution study of PAHs··································································1 
1.1.3 The marine pollution of PAHs ·······························································2 
1.2 The toxicities of PAHs ···················································································2 
1.2.1 Actue toxicity ························································································3 
1.2.2 Carcinogenicity······················································································3 
1.2.3 Immunity toxicity ··················································································4 
1.2.4 Development toxicity ············································································4 
1.2.5 Photo toxicity ························································································5 
1.3 The review on PAHs development toxicity ···················································5 
1.3.1 The bone development toxicity of PAHs ··············································5 
1.3.2 The nerve development toxicity of PAHs ··············································6 
1.3.3 The organogenesis toxicity of PAHs ······················································7 
1.4 The process of embyro development in fish and its mechanism·················7 
1.4.1 The process of bone development in fish···············································7 
1.4.2 The process of nerve system development in fish································12 
1.4.3 The process of thyroid development in fish ·········································15 
1.5 The effects of pollutants on embyro development······································16 
1.5.1 The effects of pollutants on bone development····································16 
1.5.2 The effects of pollutants on nerve system development·······················17 















1.6 Research objectives and significance ··························································18 
Chapter 2 Materials and methods ························································· 19 
2.1 Apparatus·······································································································19 
2.2 Materials ········································································································20 
2.3 Solutions·········································································································20 
2.4 Animals and toxicological experiments·······················································21 
2.5 Physiological, biochemical and molecular analysis····································22 
2.5.1 The rate of mortality and malformation ···············································22 
2.5.2 Alcian-blue staining·············································································22 
2.5.3 Protein obtained and examination of concentration ···························22 
2.5.4 Gene cloning ······················································································22 
2.5.5 In situ hybridization·············································································25 
2.5.6 Real time quantitive PCR ····································································28 
2.5.7 Alkaline phosphatase activity assay·····················································31 
2.5.8 Analysis of the activity of NOS and content of NO ·····························31 
2.5.9 Analysis ACh, AChE, and ChAT ·························································31 
2.5.10 Analysis of the activity of EROD and GST ·······································31 
2.5.11 Analysis of the activity of Caspase-3 ·················································32 
2.5.12 Analysis of the contents of thyroid hormones ····································32 
2.6 Data analysis··································································································32 
Chapter 3 Results ····················································································· 33 
3.1 Effects of BaP on development of S. marmoratus embryos ······················33 
3.1.1 Effects on the physiological and biochemical indexes ·························33 
3.1.2 Effects on the embryo bone development ············································38 
3.1.3 Effects on the embryo nerve system development ·······························43 
3.2 Effects of Pyr on development of S. marmoratus embryos·······················49 
3.2.1 Effects on the physiological and biochemical indexes ·························49 
3.2.2 Effects on the embryo bone development ············································54 















3.2.4 Effects on the thyroid development ·····················································61 
3.3 Effects of Phe on development of S. marmoratus embryos ······················65 
3.3.1 Effects on the physiological and biochemical indexes ·························65 
3.3.2 Effects on the embryo bone development ············································70 
Chapter 4 Discussion ··············································································· 74 
4.1 Effects of PAHs on the rate of mortality, hatching and malformation ····74 
4.2 Effects of PAHs on the craniofacial cartilge development ························76 
4.2.1 The difference of bone toxicities among the three PAHs ·····················76 
4.2.2 The signaling pathway affected by BaP···············································78 
4.3 Effects of PAHs on the nerve system development ·····························79 
4.3.1 Effects of BaP on the nerve system development ································79 
4.3.2 Effects of Pyr on the nerve system development ·································80 
4.3.3 The difference of nervous system toxicities between Pyr and BaP ····81 
4.4 Effects of Pyr on the thyroid development ·················································82 
Chapter 5 Conclusions and Prospective················································ 84 
References ································································································· 86 
Abbreviation ···························································································101 
Pulications and Projects ········································································103 





























多环芳烃(Polycyclic aromatic hydrocarbons, PAHs)是海洋中常见的污染物，极
易在环境中累积并可通过食物链传递，对人类健康和生态环境具有很大危害。已
有研究表明PAHs具有致畸、致癌、致突变、免疫抑制等作用。本研究利用环境
水平（0.5、5、50 nmol/L）三环的菲(phenanthrene, Phe)和四环的芘(pyrene, Pyr)
以及（0.5、5、25 nmol/L）五环的苯并(a)芘[benzo(a)pyrene, BaP]分别暴露褐菖鮋
胚胎，研究PAHs对鱼类胚胎发育的毒性。 
PAHs暴露囊胚期胚胎 7天，其中 0.5和 25 nmol/L BaP组死亡率显著高于对
照组；Pyr 死亡率呈现浓度依赖性上升，50 nmol/L 组显著高于对照组；Pyr 和
BaP 暴露使胚胎脊柱弯曲率呈浓度依赖性上升; Pyr 和 BaP 组孵化率降低，Phe
对以上三者都无显著变化。25 nmol/L BaP 暴露胚胎心率显著低于对照组，Pyr
暴露后心率无显著变化。Phe暴露胚胎 18小时后，50 nmol/L Phe胚胎心率显著
高于对照组，其它组与对照无显著变化。而芳烃受体 2 (aryl hydrocarbon receptor 
2, AHR2)和芳香化酶 P4501A1(cytochrome P450 1A1，CYP1A1)的 mRNA表达量
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